There is clear evidence that the γ-ray emission from active galactic nuclei (AGNs) is attributed to the inverse Compton scatterings in the relativistic blobs near the massive black holes. If the soft seed photons are from the regions outside the blobs, a linear relation between (νF ν,γ /νF ν,syn u * ) 1/(1+α) and Doppler factor δ is expected, where νF ν,γ and νF ν,syn are monochromatic γ-ray and synchrotron fluxes, respectively, and u * is the energy density of soft seed photons (Dermer, Sturner & Schlickeiser 1997). We estimate the soft photon energy density in the relativistic blobs contributed by the broad line region (BLRs) in these γ-ray AGNs using their broad-line emission data. The Doppler factors δ are derived from their radio core and X-ray emission data, based on the assumption that the X-ray emission is produced through synchrotron self-Compton (SSC) scatterings. We find two nearly linear correlations: (νF ν,γ /νF opt u * ) 1/(1+α) ∝ δ 1.09 , and (νF ν,γ /νF IR u * ) 1/(1+α) ∝ δ 1.20 , which are roughly consistent with the linear correlation predicted by the theoretical model for external Compton scatterings. Our results imply that the soft seed photons are dominantly from the BLRs in these γ-ray AGNs.
Introduction
All γ-ray AGNs are identified as flat-spectrum radio sources. The third catalog of high-energy γ-ray sources detected by the Energetic Gamma Ray Experiment Telescope (EGRET) on the Compton Gamma Ray Observatory (CGRO) includes 66 high-confidence identifications of blazars and 27 lower confidence potential blazar identifications ). This provides a good sample for the explorations on the radiative mechanisms of γ-rays from AGNs. The violent variations in very short time-scales imply that the γ-ray emission is closely related with the relativistic jets in blazars. There are two kinds of models, namely, leptonic models and hadronic models, proposed for γ-ray emission in blazars (see Mukherjee 2001 for a review). According to the different origins of the soft photons, the leptonic models can be classified as two groups: synchrotron self-Compton (SSC) models and external radiation Compton (EC) models (see Sikora & Madejski 2001 for a review).
In the frame of SSC models, the synchrotron photons are both produced and Compton up-scattered by the same population of relativistic electrons in the jets of γ-ray blazars. The synchrotron radiation is responsible for the low energy component in radio bands, and the synchrotron photons are Compton up-scattered to γ-ray photons by the same population of relativistic electrons in the jets (Morganti, Ulrich & Tadhunter 1992) . However, SSC models meet difficulties with the observed rapidly variable fluxes in MeV-GeV for some blazars. It has been realized that the processes other than SSC may occur at least in some γ-ray blazars. One possibility is soft seed photons being from the external radiation fields outside the jets, namely, EC models. The origins of soft seed photons may include the cosmic microwave background radiation, the radiation of the accretion disk (including photons from the disk scattered by surrounding gas and dust), infrared emission from the dust or/and a putative molecular torus, and broad line region (BLRs), etc (Dermer & Schlickeiser 2002) . Recently, Sikora et al. (2002) proposed that the external radiation is from the BLRs for GeV γ-ray blazars with flat γ-ray spectra, while the near-IR radiation from the hot dust is responsible for MeV γ-ray blazars with steep γ-ray spectra. In their model, the electrons are assumed to be accelerated via a two-step process and their injection function takes the form of a double power law with a break at the energy that divides the regimes for two different electron acceleration mechanisms.
The relations between γ-ray emission and emission in different wavebands (such as optical, infrared and radio bands) may provide clues on the radiative mechanism for γ-ray emission (e.g., Zhou et al. 1997 , Dondi & Ghisellini 1995 , Zhang, Cheng & Fan 2001 , Yang & Fan 2005 . However, all these correlation analysis cannot distinguish between the EC and SSC models for γ-ray emission. Dermer, Sturner & Schlickeiser (1997) investigated the γ-ray radiation from a homogeneous spherical blob relativistically moving away from the central black hole. Their calculations predicted a linear relation between (νF ν,γ /νF ν,syn u * ) 1/(1+α) and Doppler factor δ, if the EC model is responsible for the γ-ray radiation. Here νF ν,γ and νF ν,syn are monochromatic γ-ray and synchrotron fluxes, respectively, u * is the energy density of soft seed photons, and α is the photon energy spectral index of γ-rays. For the SSC model, their calculations showed that νF ν,γ /νF ν,syn u * is independence of δ. Huang, Jiang & Cao (1999) analyzed the correlations between the ratio of γ-ray flux to the fluxes in different wavebands and δ for a sample of EGRET AGNs. They found significant correlations between F γ /νF opt and δ, F γ /νF IR and δ. Their results suggested that the EC model is responsible for γ-ray emission, though the origin of the soft seed photons is still unclear.
Several different approaches are proposed to estimate the Doppler factors δ of the jets in AGNs. Ghisellini et al. (1993) derived the synchrotron self-Compton Doppler factor δ SSC of the jets in AGNs from the VLBI core sizes and fluxes, and X-ray fluxes, on the assumption of the X-ray emission being produced by the SSC processes in the jets. Güijosa & Daly (1996) assumed energy equipartition between the particles and the magnetic fields in the jet components, and derived the equipartition Doppler factor δ eq . The variability Doppler factor δ var is derived on the assumption that the associated variability brightness temperature of total radio flux density flares are caused by the relativistic jets (Lähteenmäki & Valtaoja 1999) .
In this paper, we use the multi-waveband data of γ-ray AGNs to explore the radiative mechanism of γ-rays for these AGNs. The Doppler factors δ are derived from VLBI and Xray data by using Ghisellini et al.'s approach. The cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7 have been adopted throughout the paper.
Model

External Compton model
In this paper, we mainly follow the model proposed by Dermer, Sturner & Schlickeiser (1997) . We briefly summarize their model here (see Dermer, Sturner & Schlickeiser 1997 for details) . Assuming that the seed photons are produced externally to the jet, one can predict a correlation between the Doppler factor δ and the ratio of the γ-ray flux to the synchrotron radiation flux, νF ν,γ /νF ν,syn , as shown by Eq. (27) in Dermer, Sturner & Schlickeiser (1997) :
where α is the photon energy spectral index of γ-rays; u * i and u H denote the energy density of monochromatic photons in the external target radiation field and the blob's magnetic field (u H = B 2 /8π, where the magnetic field strength is B ≡ 4.414 × 10 13 ǫ H ), respectively;ǭ * is monochromatic photon energy in the stationary frame, ǫ s and ǫ C are the synchrotron photon energy and inverse Compton scattering photon energy in blob frame, respectively. Assuming that (Dermer, Sturner & Schlickeiser 1997) , Eq. (1) then becomes
For the homogeneous SSC model, the flux ratio of the SSC spectral power flux to the synchrotron spectral power flux ρ SSC/syn is independence of Doppler factor δ (see Eq. (28) in Dermer, Sturner & Schlickeiser 1997) :
where σ T is the Thomson cross section, r b is the radius of the blob, n eo is the normalization factor of the number density of nonthermal electrons, and Σ C is the transformed Comptonsynchrotron logarithm (see Eq. (25) 
where γ 1 and γ 2 are the lower limit and upper limit of electronic Lorentz factors in the blob.
Soft seed photon energy density
In the EC models, the energy density of seed photon fields in a blob may be the summation of the cosmic microwave background radiation, the radiation of the accretion disk (including photons from the disk scattered by surrounding gas and dust), infrared emission from the dust and/or a putative molecular torus, and the BLRs, etc.. In this work, we only focus on the soft seed photons contributed by the broad line emission.
In principle, all broad emission line fluxes are needed to calculate the total soft seed photon energy in the blobs contributed by different broad emission lines. Usually, the fluxes of only one or several broad emission lines are available for most sources in our sample due to the restriction of redshift. We use the line ratios presented by Francis et al. (1991) , in which the relative strength of Lyα is taken as 100, to convert the flux of available lines into the flux of H β line. Celotti, Padovani & Ghisellini (1997) added the contribution from the flux of Hα F Hα , with a value of 77. This gives a total relative flux < F BLR >= 555.77 (narrow lines are not included). Due to the significant beaming effect in the optical continuum emission, we use the relation between the BLR size and H β luminosity (Wu et al. 2004 ) to estimate the BLR radius. We re-fit their data and obtain the correlation between L H β and R BLR :
42 ergs s −1 ), (6) for the present cosmology adopted in this paper. We calculate the total photon energy density of the soft seed photons in the blob from BLRs as (Fan & Cao 2004 )
The energy density u *
Hβ of H β emission line in the blob is given by
where d L is the luminosity distance, F Hβ is the flux of H β emission line, and Eq. (8) is valid for the blob near the central black hole.
The Doppler factor
In this work, the Doppler factors δ are derived from the VLBI radio core and X-ray emission data based on the assumption that the X-ray emission is produced through synchrotron self-Compton (SSC) processes. In the case of a moving sphere (p = 3 + α) (see Ghisellini et al. 1993 for details), δ of the blob can be given as:
where F c is the VLBI core radio flux density (in Jy) observed at ν s (GHz), θ d is the VLBI core size (in mas), F X is the X-ray flux density (in Jy) observed at ν x (keV), ν b is the synchrotron high frequency cutoff (assumed to be 10 14 Hz), and the function f (α) = 0.08α + 0.14 (here α = 0.75 is assumed).
The Sample
We search the literature and collect all available data of γ-ray AGNs in EGRET catalog III. This leads to 40 sources, of which 34 sources are the high-confidence identification blazars and 6 sources are the lower confidence potential blazar identifications listed in . Table 1 lists the VLBI and X-ray observations: (1) IAU name; (2) confidence (A is high-confidence identifications of blazars, a is lower confidence identifications of potential blazars); (3) type classification of the source (BL=BL Lac object, Q= quasar); (4) redshift; (5) VLBI core size θ d in mas; (6) core radio flux density F c at frequency ν s ; (7) observation frequency ν s in GHz; (8) reference for the VLBI data; (9) 1 keV X-ray flux density F X in µJy; (10) reference for the X-ray flux; (11) calculated Doppler factor δ. The classification of sources is according to the 11th edition catalogue of quasars and active nuclei (Véron-Cetty & Véron 2003). For those sources which have multi-frequency VLBI observations, the VLBI data at the highest frequency are chosen. Table 2 lists the multiwavelength flux data and the flux density of H β emission line: (1) IAU name; (2) the photon energy spectral index of γ-rays; (3) γ-ray flux above 100 MeV, F γ , in unit of 10 −8 photon cm −2 s −1 ; (4) V-band optical flux density F opt in mJy; (5) reference for the optical flux density; (6) near infrared flux density F IR at 2.2 µm in mJy; (7) reference for the infrared flux density at 2.2 µm; (8) flux density at 5 GHz; (9) reference for the flux density at 5 GHz; (10) flux density of H β emission line, in unit of 10 −15 ergs cm −2 s −1 ; (11) reference for the flux density of H β ; (12) the total soft photon energy density u * BLR in the blob from BLRs, in units of ergs cm −3 . The maximal values of the infrared flux data are chosen from the literature when more than one data are available. For six sources, we adopt the infrared flux from 2MASS archive. For the sources without flux density of H β emission line, we convert the flux density of other emission lines into the flux density of H β emission line, as described in Sect. 2.2, which is used to estimate the BLR size.
Results
We use the relation between BLR size and H β line luminosity to calculate the BLR radius. The total photon energy in the blob of the soft seed photons from BLRs are then estimated from Eq. (6). The Doppler factors δ are derived from radio core and X-ray emission data, as described in § 2.3. Assuming that the seed photons are from BLRs, we investigate the correlation between Doppler factor δ and the ratio of the γ-ray flux to the synchrotron radiation flux. All the observational data and results are listed in Tables 1 − 4. The derived synchrotron self-Compton Doppler factors δ are listed in Column (11) of Table  1 . The derived total photon energy densities of the soft seed photons in the blob's frame from BLRs u * BLR are listed in Column (12) of Table 2 . The γ-ray emission from these sources is violently variable. In our analysis, we use the maximal integrated γ-ray fluxes F γ (> 100 MeV) for each source ). The monochromatic flux at 100 MeV, 1 GeV and 20 GeV (i.e. νF ν ) are estimated from these maximal integrated γ-ray fluxes by assuming that the SED of γ-ray is characterized as a power law F ν ∝ ν −α ).
The results of our correlation analysis are shown in Tables 3 and 4 . In both Tables, Columns (1) and (2), list two variables used in analysis. Column (3) lists the number of sources. Columns (4) and (6) list the intercept and the slope of the fitted line using OLS bisector method (Isobe et al. 1990 ), respectively. Columns (5) and (7) are the standard deviations of intercept and slope, respectively. Column (8) lists the pearson correlation coefficient. Column (9) lists the chance probability.
The relations of the Doppler factor δ versus the flux ratio (νF ν,γ /νF ν,syn u *
BLR )
1/(1+α) are plotted in Fig. 1 . The top, middle, and bottom panels in Fig. 1 are the cases for F γ at 100 MeV, 1 GeV and 20 GeV, respectively. While all left panels are for F syn at 5500Å, all right panels are for F syn at 2.2 µm. In Table 3 , it can be seen that there are significant correlations between δ and (νF ν,γ /νF opt u *
1/(1+α) , δ and (νF ν,γ /νF IR u * BLR ) 1/(1+α) . Using OLS bisector method, we obtain:
and log νF 100MeV (νF IR )u * BLR 1 1+α = (0.253 ± 0.128) + (1.203 ± 0.104) log δ .
The correlations are at a confidence level of 99.93 per cent for optical flux at 5500Å, and at a confidence level of 99.55 per cent for infrared flux at 2.2 µm, in the case of γ-ray monochromatic flux at 100 MeV. When BL Lac objects are excluded, the similar correlations are still present (see Table 3 ). The results are similar for the cases of γ-ray at 1 GeV. For radio flux at 5 GHz, we have not found any significant correlations between (νF ν,γ /νF 5GHz u * BLR ) 1/(1+α) and δ. For the average integrated γ-ray flux, we also find the similar results, but the correlations are slightly weaker compared with those for the maximum integrated γ-ray flux.
In Fig. 2 , we plot the relations between F γ /νF ν,syn and δ for different wavebands (optical, IR, and radio), without considering the soft photon energy u * , which are similar to those as done by Huang, Jiang & Cao (1999) (They used (νF ν ) γ to represent the integrated γ-ray flux, instead of the integrated γ-ray flux F γ used in this work). We have not found any correlations between F γ /νF ν,syn and δ for each waveband (see Table 4 for details), which are different from those given by Huang, Jiang & Cao (1999) .
Discussion
In most previous works, the size of the BLR is usually estimated from the optical or UV continuum luminosity (e.g., Kaspi et al. 2000 , Mclure & Jarvis 2002 , Vestergaard 2002 . However, for γ-ray blazars, the observed optical/UV continuum emission may be dominantly from the relativistic jets, which is strongly beamed to us. In this work, we estimate the size of the BLR from H β luminosity instead of the optical or UV continuum luminosity, and then the soft photon energy density in the blob.
We have found significant correlations (νF ν,γ /νF opt u *
BLR )
1/(1+α) -δ and (νF ν,γ /νF IR u *
1/(1+α) -δ, of which the slopes are close to unity. These are consistent with the prediction of the EC model (see Eq. 3). For the SSC model, the ratio of νF ν,γ /νF ν,syn should be independent of δ (see Eq. 4). Our results imply that the γ-ray emission may be dominated by EC processes, rather than SSC processes, at least for the γ-ray blazars in this sample. On the origins of the external soft seed photons, Sikora, Begelman & Rees (1994) proposed that the dominant contribution to the energy density, as measured in the comoving frame of the radiating plasma, comes from scattered or reprocessed portions of the centeal source radiation, rather than from the direct radiation of the central source. For an accretion disk, if a blob is sufficiently far from the centeral engine of the AGN so that the accretion disk can be approximated as a point source of photons, its photon energy density (in the comoving frame) is u
, where L D is the accretion disk luminosity, z is the height of the blob above the accretion disk , and Γ is the Lorentz factor of the blob. Because of the blob leaves from the disk with high velocity, soft photons from the disk are strongly redshifted. For BLR, the reprocessed radiation is nearly isotropic in the rest-frame of the central engine, it will be strongly blue-shifted in the rest-frame of the relativistically moving blob. Thus,the ratio of the soft photon energy density measured in the rest frame of the blob, u
2 Γ 4 ≫ 1, where the fraction of the radiation rescattered into the jet trajectory a BLR ∼ 0.1, and r BLR is the average distance of the BLR from the centeral black hole (Böttcher 1999) . For torus, the typical thickness of the dust torus H/R is around unity (e.g., Cao 2005) , so that only a samll fraction of the photons from the disk are scattered by the torus. The size of the torus is much larger than that of the BLR. So, the soft photon energy density contributed by the torus can be neglected compared with that from the BLR. Although only the soft seed photons from the BLRs are considered in this work, the results are in good agreement with the model predictions, which implies that the soft photons are dominated from the BLRs. Huang, Jiang & Cao (1999) found significant correlations between F γ /νF ν,syn and δ for IR and optical bands, while no correlation is present for our sample. There may be two reasons, (1) the present sample consisting of 40 sources, which is larger than theirs, (2) we adopt VLBI core sizes measured at higher frequencies for some sources, and the derived Doppler factors are therefore more reliable.
We note that the results of Huang, Jiang & Cao (1999) implied that the equipartition parameter κ eq ≡ u * i /u H remains constant between different sources. Our results imply that the equipartition parameter κ eq may not be constant. This is may be one of reasons of the lack of correlation in Fig. 2. We note that Eq. (3) can be re-expressed as
which can then be used to constrain the magnetic field strength B by using Eq. (10) & (11). We can find B ∼ 1.7 − 2.8 Gauss. Assuming (ǫ sǭ * )/(ǫ C ǫ H ) = 1,ǭ * is Hβ emission line photon energy at 4861Å in the stationary frame, the synchrotron photon energy ǫ s is in optical-Infrared region, γ-ray photon energy ǫ C is 100 MeV, we find that the magnetic field strength B in the blob frame is about 2 Gauss. We can see that the magnetic field strength derived from equations (10) & (11) is agreement with the model predictions. Moreover, these values of the magnetic field strength are consistent with other researches (e.g., Maraschi & Tavecchio 2003) . From (ǫ sǭ * )/(ǫ C ǫ H ) = 1, we also can constrain the spectral region, in which the synchrotron emission are radiated by the electron population, responsible for γ-ray emission through inverse Compton process. we find that the synchrotron photon frequency corresponding to 100 MeV γ-ray photons are in optical-Infrared region. This is in good agreement with the significant correlations we found. However, for 5 GHz radio photons, the corresponding photon energies via inverse Compton scattering may be much lower than 100 MeV. In addition, the total 5 GHz radio flux of these γ-ray sources are dominated by the radio core emission, which is usually from optically thick region. These can explain why there is no significant correlations between (νF ν,γ /νF 5GHz u *
1/(1+α) and δ.
In this work, we use SSC model to estimate δ assuming X-ray is due to the SSC process. Our results show that γ-ray may probably be produced by the EC process. Fitting the simultaneous broadband spectrum of the FSRQ 3C279, Hartman et al. (2001) found that the SSC model can fit the observed X-ray data very well, while the EC model can fit to the γ-ray data successfully. For PKS 0528+134, a similar conclusion was drawn by Mukherjee et al. (1999) .The BLR photons are mainly in optical/UV bands, and they are strongly blueshifted to higher frequencies measured in the blob frame with a factor of ∼ Γ. So the observed energy of the BLR photons scattered by the relativistic electrons in the blob should at least in the range of ∼ Γ 2 γ 2 e,min ǫ * BLR , which should be much higher than 1 keV, for typical values Γ ∼ 10, the lower limit of electronic Lorentz factors γ e,min ∼ 100 adopted (e.g., Celotti & Fabian 1993) . Even for the photons from the disk or torus, the energy of the scattered photons by the blobs is also higher than 1 keV. So the X-ray emission at 1 keV should be produced by SSC process.
No obvious statistic difference is found between BL Lac objects and quasars in this sample (see Table 3 ), though the SSC model is supposed to be responsible for γ-rays from BL Lac objects (e.g. Dondi & Ghisellini 1995) , and the γ-ray varibility properties of flatspectrum quasars are different from those of BL Lac objects (Vercellone et al. 2004) . There are only 6 γ-ray BL Lac objects in our sample, and the remainder (10 BL Lacs) in the EGRET AGNs catalogue are not included in this sample, because of the lack of broad-line emission data for those BL Lac objects. All the BL Lac objects in the present sample have relatively stronger broad lines among the whole catalog of BL Lac objects. The BL Lac objects included in this sample are more similar to quasars. These BL Lac objects are somewhat special, which may be in the stage of the transition from quasars to BL Lac objects (e.g. Cao 2003) . For those 10 γ-ray BL Lac objects without broad emission lines, the SSC mechanism may be important for their γ-ray emission, which is beyond the scope of this paper. 1/(1+α) . The top, middle, and bottom panels are the cases for F γ at 100 MeV, 1 GeV and 20 GeV, respectively. While all left panels are for F syn at 5500Å, all right panels are for F syn at 2.2 µm. The filled circles represent quasars, and the filled triangles are BL Lac objects. 
